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The species composition and autecology of freshwater sponges (Porifera, Spongillidae) 
were investigated in the Rhine between Karlsruhe and Bonn (Germany) between 1993 and 
1995. Ephydatia fluviatilis, E. muelleri, Trochospongilla horrida, Spongilla lacustris, 
Emapius fragilis and E. carteri were found. Ephydatia fluviatilis was classified as an 
r-strategist due to its high ability to colonise new habitats, whereas other species placed 
emphasis on successful establishment in more stable habitats and should therefore be 
classified as K-strategists (among freshwater sponges). Similarly, the production of larvae 
was an integral part of the life cycle only in Æ. fluviatilis, whereas other species put their main 
efforts in producing gemmules as distribution-units. Asexual vs. sexual reproductive 
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A considerable number of publications on life 
cycles of freshwater sponges are now available 
(e.g. Gilbert et al., 1975, Frost et al., 1982, 
Courréges & Fell, 1989, Bisbee, 1992), Mostly 
these focus on single life cycle events, such as 
formation of larvae or gemmulation, and often 
include only a single species. Only a few papers 
deal with associations of several species, their 
colonisation strategies and spatial competition 
(e.g. Williamson & Williamson, 1979; Mukai, 
1989; Pronzato & Manconi, 1991). The present 
investigation reports on five sympatric species 
occuring in the Rhine between Karlsruhe and 
Bonn (Germany), their reproductive strategies 
and colonisation. 


At the beginning of the 20th century Lauter- 
born distinguished 83 macrobenthic animals in 
the Rhine (Tittizer et al., 1990). In the 1970’s 
these numbers decreased to 12 species (Conrad et 
al., 1977), due to an extremely high level of 
pollution. Since that time great efforts have been 
undertaken to purify the water, and the number of 
macrobenthic animals has again risen steadily 
(Sch6ll et al., 1995). This species diversity now 
exceeds that of Lauterborn, whereas the species 
composition is not the same as in the beginning of 
the century (Tittizer et al., 1990), due to the huge 
changes in the Rhine. In recent years ongoing 
invasions of foreign species (Neozoa: 


Kinzelbach, 1995) have been taking place, and 
have influcnced the biocoenosis considerably. 


Results of Franz (1992) indicate that the Rhine 
is a highly suitable habitat for sessile filter feeders. 
Not only is the nutritional situation excellent for 
these animals due to its eutrophic waters, but the 
banks are entirely covered by rocks which 
provide a suitable substrate. Filter feeding is not 
restricted to sessile animals - in particular many 
insects also gain their nutrition from filter feeding 
- and Mann et al. (1972) stated that the product- 
ivity of filter fecders is extremely high within 
waters disturbed by anthropogenic influences. 


Nevertheless, our knowledge about freshwater 
sponges in the Rhine is still fragmentary, despite 
regular, general studies on the macrobenthic 
fauna. Such studies usually include sponges, 
although thcy are often given only cursory consid- 
erations. 


This scems surprising since repeatedly high 
abundances of single species have attracted the 
attention of researchers in the past (Schön, 1957; 
Bartl, 1984). Large rivers are characterised by 
unpredictable changing water levels. This offers 
and destroys new habitats - a situation which 
seems difficult to deal with for sessile organisms. 
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TABLE 1. Collecting sites and dates of collections Key: 1, Near the facilities of the BASF AG. 2, Outflow of the 
cooling water circuit of the power plant, the temperature is here up to 10°C higher than the surrounding river. 3, 
Slightly polluted stagnant water. *, Collection undertaken with a grap dredger on board of the research ship 


‘Argus’. 
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METHODS 


COLLECTION. Samples were collected from 
many sites in the Rhine (Germany) (Fig. 1), with 
dates of collection for each site listed in Table 1. 
Collections were mostly made from the banks of 
the river, by wading in the water and removing 
substrate by hand. Some collections were made 
with a grab dredger aboard the research ship 
‘Argus’ of the federal state Hesse (indicated with 
an asterisk in Table 1). 


Sponges were removed from the substrate with 
a knife and preserved immediately in 70% 


ethanol. From each individual sponge, one 
microscope slide was prepared. 


Individual sponges growing on approximately 
1.3m° available substrate at each collecting site 
were counted. 


The average number of individual sponges per 
m^ of available substrate were calculated (Figs 
4-9). Only active colonies were counted, no dead 
colonies or gemmules without their living 
mother-sponge. 


Methods of preparation for microscopy 
followed Arndt (1928), with slight 
modifications. Sponge identification was based 
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As a rule, the larger rocks 
(immovable by average 
currents) were more likely to 
be colonised with sponges. 
Smaller rocks (often moved 
by average currents) were 
rarely settled by sponges or 
other sessile organisms. 
These preliminary data agree 
with those of Rützler (1965), 
who studied colonisation by 
marine sponges in the 
Mediterranean Sea. 


Biblis nuclear power plant 


Lampertheim-Rasenganen 


Altrip 
Sondernheim 
Leimersheim 
Neuburg 
Iffezhoim 


FIG. 1. Rhine collecting sites. 


on Arndt (1926, 1928) and Penney & Racek 
(1968). 


Slides prepared during this study are deposited 
inthe Senckenberg Museum of Frankfurt (SMF). 


EVALUATION OF THE PERIOD OF 
FLOODING BEFORE COLLECTION. At each 
collection site the actual water depth was 
recorded for all sponge samples. Daily inform- 
ation on water levels at the stations of Worms and 
Mainz were recorded (Fig. 2), thus for each site 
the period of flooding before collection could be 
calculated. 


RESULTS 


FAUNISTICS. Six species were found in the 
present study, listed according to their prevalence 
from abundant to rare: Trochospongilla horrida 
Weltner, 1893; Ephydatia fluviatilis (L., 1758); 
Spongilla lacustris (L., 1758); Ephydatia 
muelleri (Lieberktihn, 1855); Eunapius fragilis 
(Leidy, 1851); Eunapius carteri (Bowerbank, 
1863) 


SUBSTRATE. Sponges were found settling on 
all kind of solid substrates. Within the Rhine this 
mainly consists of rocks placed to support the 
river banks; wood is rarely found. Aquatic 
macrophytes are almost non existent in the 
investigated area, only once was a small Æ. 
fluviatilis found epizootic on Fontinalis sp. 
(Bryophyta, Fontinalaceae). 


DISTRIBUTION IN RELA- 
TION TO DIFFERENT 
FLOODING REGIMES. The 
species-assemblages varied 
considerably between sites 
dependent on flooding events, 
comparing sites flooded more 
than six months before collecting, and those 
flooded only nine weeks prior to collection (Fig. 
3). Ephydatia fluviatilis was the only species 
occurring regularly at the more recently flooded 
sites, whereas at sites flooded more than six 
months before collecting this species had the 
same absolute abundance in colony-counts, but 
colonies grew much larger. The other species, T. 
horrida, S. lacustris, E. fragilis and E. muelleri, 
also appeared at both these categories of sites, but 
only in very small numbers and small size at 
recently flooded sites (with most having a 
diameter of less than lcm). 

It was also apparent that differences in flooding 
events between the sites is a major factor 
responsible for different depth preferences of 
sponge species. Places recently flooded were 
very shallow, often dry, whereas places flooded 
over 6 months ago were deeper, below the levels 
affected during river-level fluctuations. 


Other factors show no depth dependent 
variations in the river environment. Nutrient 
levels should be evenly distributed within the 
waterbody, due to turbulent currents, and light 
can only penetrate about 0.75m through the water 
column due to high turbitidy. 


In Figure 3 and subsequent figures only 
colony-counts are given, where no distinction has 
been made according to the size or local 
abundance of colonies. 


SEASONAL DEVELOPMENT. The general 
outline of the development of sponge species 
associations is given in Figure 4. A generalised 
model ofa life-cycle ofa freshwater sponge in the 
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FIG. 2. The niveau of daily water levels at Worms from July 1993- 
December 1995; the vertical lines indicate the turn of the years (the scale 


is relative, without a defined zero point). 


Rhine is as follows (Fig. 4). In March-April 
young sponges hatched from their overwintering 
gemmules. Sponges grew until midsummer 
(July-August), sexually produced larvae may 
occur from May to July. Asexual gemmules were 
produced year-round, but more regularly towards 
the autumn. In September-October the colonies 
declined and desintcgrated, thus producing 
overwintering units (gemmules). 


SPECIES AUTECOLOGY. Statements about the 
presence or absence of sexual reproduction 
usually require histological analysis of specimens, 
which was not conducted in this study. Under low 
magnification only fully developed larvae were 
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(1-3cm thick); the outline was 
irregular with rounded edges. 
Colonies could reach a 
Ol considerable size (up to Im’). 
Only very few colonies showed 
tendencies towards branching 
growth forms. Colonies of S. 
lacustris always disintegrated in 
late autumn  (October- 
November). In winter 
(December-February) only gemmules survived. 
The first young sponges hatched from gemmules 
in spring (beginning of April), the number of 
colonies then rose steadily until October (Fig. 5). 
The high numbers of colonies reported during the 
period from October-December were mainly due 
to thesc colonies being present at the beginning of 
October, whereas by the end of October their 
numbers had declined rapidly. Furthermore, the 
larger colonies observed in October fragmented 
into several smaller colonies before dying, so that 
counts of number of colonies rose before they 
dropped, and eventually disappeared completely 
in December-March. 
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FIG. 3. Species-assemblages at places with different times of flooding before collection (numbers are calculated 
for 1m’): 26 collections were made at sites more than 6 months prior to flooding of collection sites; 28 
collections took place at sites less than 9 weeks prior to flooding. 
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TABLE 2. Life cycle data and ecological strategies of the five sympatric sponge species. 


Event E. fluviatilis S. lacustris 


E. muelleri 


E. fragilis T. horrida 


Time of greatest abun- 


dance October (autumn) October (autumn) 


May-June (early 
summer) 


August-September 


June (early summer) (late summer) 


Weakly fixed free 


Attached gemmule | Attached gemmule 


7 j ti 1 i F TiN 
Overwintering units Whole colony gemmules Fixed free gemmules iets Gk 
Distribution units Larvae Drifting gemmules | Drifting gemmules Larvae ? 
Colonisation of newly Through active 7 ' 
established habitats swimming larvae Not observed Not observed Not observed Not observed 
Ecological strategy r-strategy K-strategy K-strategy K-strategy K-strategy 


Gemmules generally appeared from August, 
but their appearance seemed to be less dependent 
on seasonality and more dependent on colony 
size. This was also true for other species (see 
Rasmont, 1962, 1963; Simpson, 1980). Colonies 
of S. lacustris larger than 3cm in diameter always 
contained at least some gemmules; smaller 
colonies were mostly free of gemmules, at what- 
ever time of the year they wcre encountered. 
Gemmules were built singly within the tissue of 
the mother-sponge, always within the basal parts 
of the colonies. The gemmulation process was 
more regular towards the end of the life span of 
intact colonies. There were often dense, 
single-layered carpets of gemmules, resting where 
they formed. The whole sponges disintegrated 
after death, but sheltered paris of the skeleton still 
remained intact so that gemmules resting in these 
patches of skeletal refugia were bound together 
and weakly fixed to the substrate. Green 


number of colonies / m2 


cola 
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FIG. 4. Seasonal appearance of Spongillidae in general in 


gemmules, due to an infestation with unicellular 
symbiotic algae and a gemmule-polymorphism, 
as described by Gilbert & Simpson (1976) and 
Brondsted & Brondsted (1953), were not 
observed in this study. Larvae were not observed 
in this specics from the Rhine. This was very 
intriguing given that in other habitats colonies of 
S. lacustris containing larvae were regularly 
found (e.g. within the outflow of the 
‘Steinbriicker Teich’, a eutrophic pond near 
Darmstadt, Germany, nearly 50% of the colonies 
in July 1994 contained larvae). 

In early autumn about 30% of colonies were 
bright green due to the presence of symbiotic 
algae (Fig. 5). Only during this part of the year 
were water levels low enough to provide the 
preferred habitats for S. /acustris (i.e. in slightly 
deeper, permanently flooded water, Fig. 3), with 
sufficient light for the successful photosynthesis 
of symbionts. 

Eunapius fragilis. This species formed low 

crusts (1-2cm thick), with an irregular outline 

and rounded edges. Rarely it exceeded a 

diameter of 5cm. Colonies of E. fragilis usually 

disintegrated in summer (July-September). In 
winter (December-February) intact colonies 
were rarely found (Fig. 6). The first sponges 
hatched from gemmules in spring (April). 
Immediately after hatching the highest numbers 
of colonies appeared (Fig. 6). The species 
completed its gemmulation process up until 
summer (July), after which colonies began to 
disintegrate. Gemmules were formed in situ 
producing a pavement-like gemmule crust, 
tightly fixed to the substrate. These gemmules 
are virtually immovable and it is difficult to 
perceice how they could contribute to the 
dispersal within the habitat, whereas in 
May-June 1994 free movable larvae were found 


the Rhine study sites. The white bar indicates when only 
gemmules are present; the black bar represents times of 
the year when active colonies are present; the time-scale 
of the chart corresponds with that of the bar. 


in about 10% of colonies. Colonies containing 
symbiotic algae were not found within the 
Rhine, probably because thcir preferred 
distribution was in permanently flooded, 
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deeper habitats. where light regimes may be 
insufficient for photosynthesis (Fig. 3). 
Lumapius carteri. This species record from the 
Rhine is the first time it has been encountered in 
central Europe (see Guygel, 1995). It was found 
November 1993 within the cooling-water 
outflow of the nuclear power plant in Biblis. A 
detailed dcseription and discussion about its 
dispersal are given in Gugel (1995). 

Ephydatia fluviatilis. This species forms 
more-or-less thin encrustations (J-2cm thick). 
Smaller colonies (less than Sem diameter), had a 
circular outline, whereas larger ones (more than 
7em diameter), were more irregularly shaped. 
Colonies af this species grew up to 20cm 
diameter. Ephydatia fluviatilis was regularly seen 
alive in winter (December-February), in contrast 
w the other species. Overwintering colonies were 
small crusts, only !.5em diameter, in which no 
canal systems were visible. These probably 
survive in 2 reduced state, as suggested by Arndt 
(1928) and Weissenfels (1989) In early spring 
(April) thetr abundance was only slightly 
increased in comparison with winter (Fig. 7), 
probably due to hatching of gcmmulcs (see 
below), whereas the number of colonies 
dramatically increased during June-July (Fig. 7), 
at which time a large-scale production of larvae 
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FIG. 6. Seasonal appearance of Eunapius Jrogilis. 
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took place (June). Iu July these larvae had settled 
and builtnew colonies. The gemmulation process 
was irregular throughout the whole year and a 
considerable number of colonies was always 
devoid of gemmules. When gemmules were 
present their numbers were reduced: in colonies 
of Sem diameter not more than 10 gemmules 
were found. During {fragmentation of sponges 
few gemmules were freed from the 
mother-sponge and these ‘hatched’ in spring, The 
highest numbcr of colonies was encountered 
during October-December. As in the case of S. 
lacusiris, the large colonies present in autumn 
fragmented into several smaller colonies, many 
of which died towards winter (Deeember- 
February), the overwintering colonies were also 
small. 


In May-June about 25% of colonies produced 
larvae. This seemed to be the most important 
event in the hfe eyele of E. fluviatilis, as in July 
many very small cofomes were seen in close 
proximity to each other, a phenomen quoted as 
‘Spriihinfekiion’ (spray infection) by SteusholT 
(1938), As already indicated, Æ. fluviatilis was 
the only species which occurred in higher numbers 
at sites flooded only a few weeks prior to 
collection (Fig. 3). This was probably due to the 
more active dispcrsal of larvae. Symbione 
colonies were never found. 


Ephydatia muelleri. Colonies of this species were 
mostly thickly encrusting (2-4em thick), with 
irregular outline and rounded edges. The 
diameter was rarely more than 10cm. The first 
colonics of £. muelleri appeared in spring (at the 
beginning of April), and soon after hatching 
colonies were found in large numbcrs, peaking 
during summer (July/August). Afer completing 
gemmulation colonies died, usually from the 
beginning of August to October (Fig. 8). Active 
colanies were not observed during winter 
(November-March), only dead colonies with 
gemmules. Ephydatia nmelleri often used its 
entire tissue for gemmule-production, whereas 
its skeleton remained intact for considerable 
period of time alter the death of the maternal 
sponge. Large numbers of gemmules were fixed 
by the skeleton to the place of production. In this 
way a successful recolonisation at ihe same site 
was ensured in the following year. In addition, 
when single gemmiules became free and were no 
longer fixed to the substrate, they could be 
distributed by the current within the habitat, 
providing an effective mechanism for dispersal 
and recolonisation of adjacent habitats. Sexually 
produced larvae were not observed in this 
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FIG. 7. Seasonal appearance of Ephydatia fluviatilis. 


species, and only a single symbiotic colony was 
found (from Sondernheim, in August 1994), close 
to symbiotic colonies of S. lacustris. Ephydatia 
muelleri is mainly distributed in deeper waters, 
below the levels affected during river-level 
fluctuations (Fig. 3). 

Trochospougilla horrida. Colonies of this 
species formed thin encrustations (less than ]em 
thick), with a very irregular outline. Large 
colonies may cover an area of 0.5m^. 
Trochospongilla horrida began hatching from 
gemmules in spring (early April). The highest 
abundance, in both numbers and size of colonies, 
was reached in summer (August; Fig. 9). In 
autumn (September-October) colonies always 
disintegrated and left the gemmule crusts tightly 
adhered to the substrate. As in Æ. fragilis, 
gemmules remain fixed to their place of 
production and it is difficult to imagine that they 
might be dispersed within the river. Gemmulation 
commenced in early summer (June-July), and at 
this time especially T. horrida was a successful 
Space-competitor against the otherwise 
dominating neozoan crustacean Corophiuimn 
curvispinum (Amphipoda). When growing, small 
colonies tended to fuse with other colonies of the 
same species, thus forming larger ‘super- 
colonies’. Neither larvae nor colonies containing 
symbiotic algae were observed. The species was 
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FIG. 8. Seasonal appearance of Ephydatia muelleri. 
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mainly distributed in permanently flooded 
habitats (Fig. 3). 

Ecological strategies for each species arc 
summarised in Table 2. 


DISCUSSION 


Freshwater sponges often display a 
considerable plasticity in their ecological 
strategies (Pronzato & Manconi, 1994a), and 
their life cycles are often adapted to the special 
requirements of their habitats (e.g. £. fluviatilis in 
temperate regions is usually active during 
summer and inactive during winter). In hot, arid 
regions the pattern of activity/inactivity is 
reversed (Harsha et al., 1983; Corriero et al., 
1994). This shows that the life cycle is very 
adaptable to specific climatic conditions (Pronzato 
& Manconi, 1994b). According to Pronzato et al. 
(1993) the life cycle of E. fluviatilis seems to be 
controlled by exogenous factors in regions with 
strongly oscillating environmental conditions. In 
more stable habitats endogenous control seems to 
dominate. 


For several species the data presented in the 
literature differ from those presented here. For 
example, Bisbee (1992) reported the presence of 
active colonies year-round in S. lacustris trom 
North Carolina. He observed gemmulation in late 
spring-early summer, sexual reproduction in 
April, and some sponges disappeared during 
summer. According to Cheathum & Harris (1953) 
both £. fragilis and T. horrida were active year- 
round in Texas. Pronzato & Manconi (1995) 
counted up to 324 gemmules cm” of tissue in E. 
fluviatilis from Sardinia. 

Ecological strategies of these species are given 
in Table 2. Ephydaria fluviatilis is considered to 
be anr-strategist, mainly for its ability to colonise 
new habitats. In contrast, the remaining species 
are characterised as k-strategists because they 
lack this ability. 


This general tendcncy is congruent with results 
of Pronzato & Manconi (1991), who compared £. 
fluviatilis and S. lacustris showing the former to 
be more successful in colonising new habitats, 
whereas the latter was more successful as a 
competitor. 


Details in the life cycle of E. fluviatilis seem to 
contradict this classification as an r-strategist: the 
dominance of sexual vs. asexual reproduction 
and its year-round presence; these are usually 
quoted as typical for k-strategists (Pianka, 1970). 

The successful colonisation of new habitats is 
here considered to be due mainly to active 
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horrida. 


distnbution of free larvae. The production of 
larvae in Spongillidae is mostly controlled by 
endogenous. factors (Gilbert et al, 1975). The 
seasonal appearance of larvae is conlined to a few 
weeks in the year, and this timing is synchronous 
between various localities, Leveaux (1941, 1942) 
reported that production of larvae in E. fluviatilis 
in central Europe is confined to May-June, which 
curresponds to the results presented here. Since 
timing in the production of larvae is severely 
constricted to certain weeks in the year and 
cannot be altered in the short term, producing 
larvae does not appear to be an effective strategy 
to react to unpredictable environmental changes. 


The so-called k-strategists (T. horrida, S. 
lacustris, E. muelleri and E. fragilis) have the 
potential to produce a large number of offspring 
via their gemmules, traditionally an r-strategy 
feature. These species do produce a lot of 
gemmules, but these usually stay at the place of 
their production (see Table 2). 


According to Manconi & Pronzato (1991) $ 
lacustris follows the r-strategy in the short-term, 
bulis essentially a k-strategist in the long term. In 
many Spongillidae both strategies occur 
simultancously (Pronzato & Manconi 1995), even 
within the same structures: the gemmules serve 
ws distnbution-units under an r-strategy, and as 
resting bodies under a k-strategy. 


Jt was surprising te see that asexual 
reproduction was clearly dominant over sexual 
reproduction, Larvae were only observed in £. 
fluviatilis and to a lesser degree in E. fragilis. 


In the special limnological environment of 
running water it must be questioned whether or 
hol gemmules are more Suitable distribution- 
units than larvae, aside from their role as resting 
bodies. They are more robust than larvae, and 
dispersal js passive via currents, There is no need 
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or advantage in having a capacity for active 
dispersal. 


Van de Vyver & Willenz (1975) reported that in 
E. fluviatilis rom Belgium sexual reproduction 
is confined to overwintering colonies. In that 
species the development of oocytes commenced 
in autumn of the year prior to larval production, 
which occurred the following June. In Belgium, 
parts of colonies of £. fluviatilis survived winter 
as living, but reduced colonies, similar to the 
Rhine populations. These results are also 
confirmed by Weissenfels (1989), Williamson & 
Williamson (1979) discussed whether or not 
sexual reproduction was triggered by a phero- 
mone in Spongillidae. According to these authors 
Sexual reproduction occurs rarely in running 
water because the postulated pheromone would 
be diluted and ineffective (in contrast to 
situations in stagnant water). This hypothesis 
would explain the occurence of many larvae in 
colonies of S. Jacustris within the outflow of the 
‘Steinbriicker Teich’ (see above), where the 
water flows quickly but is only 5-10em deep. 
Here, the population of 5. lacustris is so dense 
that a pheromone would not be diluted too much. 
In all colonies of this species at least some 
gemmules occurred in addition to larvae. The few 
reports of larvae in E. muelleriand T, horrida also 
originate from populations in stagnant water. 


The report of larvae in E. fragilis occurring in 
only one year (1994) suggests that sexual 
reproduction occurs in some years, even in species 
without regular sexual reproductive strategies, 


Many of the different strategies and life-cycles 
mentioned above help species avoid competition 
or enhance their competitive abilities. 
Competitive interactions among sponges, or 
between sponges and other organisms, are 
regularly observed in the field. As shown above, 
species have their highest abundance at different 
times.of the year (Figs 5-9, Table 2), Many details 
of life histories can be interpreted as mechanisms 
to enhance species’ competitive abilities, 
including the fact that during periods of highest 
abundance of S$. dacustris the proportion of 
colonies with symbiotic algae is also 
considerable (Fig. 5), These symbionts strongly 
enhance the growth of their host (Prost & 
Williamson, 1980). In Z horrida smaller colonies 
regularly fuse to forin larger anes. Neubert & 
Eppler (1991) discussed wether the competitive 
ability was reduced, and therefore T. harridi wus 
relatively rare compared to other freshwater 
species, Howeyer, my data show that it was the 
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most abundant sponge in the Rhine, and is also 
very competitive among sponges and in 
competition with other organisms. It is concluded 
that competition for space is the species’ main 
challenge. 
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